now been well-recognized.1),2) Although disturbances of electrolytes metabolism are prevalent among pediatric disorders, systematic works on reninangiotensin system are lacking in this field. The main difficulty is unavailability of enough amount of samples. We have devised a method for the determination of plasma renin activity in small samples, based on the method of Boucher et al.
3) The points of modification are as follows : (1) All the system are reduced to treat the samll amount of plasma samples. (2) Angiotensinogen in the plasma is also determined by incubating with an excess of renin, and plasma renin activity is expressed as the reaction constant of first order kinetics.4)
The renin-angiotensinogen reaction has been shown to follow a first order reaction by Plentl and Page.5) In a system containing an excess amount of substrate the reaction may progress as zero order with a certain limitation, but in the system utilizing plasma as the substrate the reaction follows rather first order in general. When plasma renin activity is relatively high, expression of the activity as the amount of angiotensin formed would be erroneous.
This has been also suggested by Bumpus.6)
The purpose of this report is to describe detail of the method and to present data of the basic examinations, showing direct evidences that the reaction can be approximated by the first order kinetics in our system. Determination of angiotensinogen: Angiotensinogen was determined by incubating 0.1 to 0.2 ml. of plasma with an excess of renin. Volume of renin solution and length of incubation time necessary to provide maximum angiotensin formation were examined.
METHODS
Amount of angiotensinogen was expressed in ng. of maximum amount of angiotensin formed per ml. of the plasma. Assay of angiotensin: Angiotensin was assayed by its pressor activity in the rats anesthetized with pentobarbital sodium (50 mg./Kg., intraperitoneally) and treated with pentolinium tartrate (5 mg./Kg., intravenously). With samples containing diisopropyl fluorophosphate (DFP), rats were treated also with atropine sulfate (0.5 mg./Kg., intravenously). The bracket method was used throughout the assay:7)
Expression of renin activity: Renin activity was expressed as the reaction constant of first order kinetics :
where, M is amount of angiotensinogen (ng./ml.), X is amount of angiotensin formed during a given incubation time (ng./m1.), and t is incubation time (min. 2. Examinations of detail of the method (i) Enzyme kinetic analysis of kidney renin To 0.5 ml. of rat plasma was added 0.5 ml. of various concentrations of rat renin in the medium containing 0.5 ml. of 3.8% ammonium EDTA, 3.5 ml. of 0.2 M. ammonium acetate buffer (pH 6.0), and 2 ml. of moist Dowex 50W-X2 resin. The mixture 2 ).
To 0.5 ml. of rat or human plasma was added 0.5 ml. of various concentrations of kidney renin of each species. The mixture was incubated in the above medium for 60 and 180 min., respectively. Formation of angiotensin was plotted against concentration of kidney extract (Fig.3) . The relationship was not always linear as shown with human kidney. However, a linear relationship was obtained between concentration of renin and the reaction constant of first order kinetics (Fig. 4) .
The data of enzyme kinetic experiments with rat and human renin were analyzed and expressed as the Lineweaver-Burk plot of the Michaelis-Menten equation (Fig. 5) . The Michaelis constants (Km) of both rat and human renin were approximately equal, and the value was 500 ng./ml.
(ii) Enzyme kinetic analysis of plasma renin Eleven samples of each 2 ml. of a pooled rat plasma were incubated in various concentrations, and velocity of angiotensin formation was determined (Fig. 6) . In first order kinetics the velocity of reaction is expressed as follows : (Fig. 7) . This observation was consistent with the result which Plentl and Page4) had already demonstrated in kinetic analysis of kidney renin.
(iii) Determination of angiotensinogen Angiotensinogen content of the plasma was determined by incubating 0.2 ml. of plasma with an excess of renin. More than 0.8 ml. of kidney extract in original concentration was necessary to provide maximum angiotensin formation incubating for 120 min. (Fig. 8) . 3. Recovery and reproducibility.
The final method in our laboratory for the determination of plasma renin activity consists of the following major steps :
(1) Adjustment of pH of heparinized plasma to 5.5. The method of Helmer and Judson4) is simple, but suppression of angiotensinases is incomplete as shown in this paper and elsewhere.8) Boucher et a1.3) reported a new method using Dowex 50W-X2 resin, adsorbing the angiotensin formed during incubation and protecting from angiotensinases. Recently, Pickens et al.11) tried to inhibit angiotensinase activity by DFP and claimed that it was effective enough. EDTA has been also reported to be able We have used the reaction constant of first order kinetics to express the renin activity, since the reaction in our incubation system follows approximately a first order and since we can show a linear correlation between the reaction constant and concentration of renin (Fig. 4) . Large K is used in this special case instead of small k.4) Although it has been suggested to use the initial velocity by multiplying the reaction constant by the Michaelis constant, we simply used the reaction constant to express the renin activity. Because our system is no longer in the standard condition, and it is the simplest and enough for the purpose of relative comparison of clinical data. Determination of the Michaelis constant is not simple procedures. activity when the plasma is incubated without purification of renin and angiotensinogen. More than 5,000 ng./ml. of the substrate must be present in the incubation medium, in order to regard the renin-angiotensinogen reaction as zero order. The trial of Haas and Goldblatt201 in expressing the renin activity by k3(k+2), therefore, may be significant, although it requires relatively complicated procedures.
SUMMARY
(1) Effects of Dowex 50W-X2 resin, diisopropyl fluorophosphate, and incubation at pH 5.5 were compared for inhibiting angiotensinase activity in plasma with 0.93 x 10-2M EDTA. We found that Dowex 50W-X2 is reliable.
(2) The method of Boucher et al. for determination of plasma renin activity using the Dowex resin was re-examined. We modified the procedures for the determination in small amount of samples.
(3) We measured angiotensinogen content of the plasma simultaneously, and expressed renin activity by the reaction constant of first order kinetics (K), since a linear correlation was found between amount of renin and the reaction constant.
(4) Evidences were presented that the cource of plasma renin-angiotensinogen reaction can be also approximated by the first order kinetics in our system. ( 
